Abstract -The unimolecular rearrangement chemistry of molecular ~ons encountered in mass spectrometers is ideally suited for stereoanalytical purposes. This follows from the spatial dependency of the bond making stage of the rearrangement. Examples are noted which demonstrate how such rearrangements may be utilized to assign configuration with and without deuterium labelling even when only one stereoisomer is available. These rearrangements may occur from molecular ions generated by electron impact or field ionization. Chemical ionization and ion cyclotron resonance mass spectrometry are known to be sensitive to stereoisomerism but have yet to be developed as stereoanalytical devices. Simple cleavage reactions of molecular ions may reveal Stereoisomerie information when two diastereemers give rise to identical product ions. In the latter case appearance potential differences and product intensities differences mirror the enthalpic differences of the precursor neutral diastereomers. These thermochemical effects could be utilized to assign configuration tb stereoisomers.
In 1865 a sample of honeystone was brought to the laboratory of Adolph von Baeyer in the Technical High School at Charlottenburg. Baeyer, whose interests in structural chemistry were shaped by his mentor, Friedrich Kekule, began a series of investigations which by the 1880's had brought him to the stereochemical problems associated with the hydrogenated forms of the various carboxyl substituted benzenes derived from the honeystone (ref. 1).
In a paper concerned with the geometrical isomers of hexahydroterephthalic acid (ref. 2) , a material derived from his honeystone investigations, Baeyer recognized that the relationship of the two carboxylic acid groupings in the two cyclohexane isomers paralleled that in fumaric and maleic acids, named the isomers accordingly as fumaride and maleide, and utilized the exclusive formation of anhydride with loss of water to assign configuration to themaleide hexahydroterephthalic acid (Fig. 1) . Baeyer later created the cis and trans nomenclature as a broader means of namenclature for stereaisemers (ref. 1) . We now wish to pointout that the lass of water on heating of the cis-terephthalic acid to reveal its relative molecular geometry constitutes a broader means of sterochemical analysis (ref.
3) which finds its way into the twentieth century field of mass spectrometry. The formulation of the lowest energy molecular ions of hydroxyl and carbonyl compounds as arising by promotion of nonbonding electrons is an exceptionally useful concept because we might therefore expect that the chemistry of these ions would resemble that of the comparable free radicals. Photoelectron spectroscopy supports this view since alcohols and ketones and related functional groups of varied structure always exhibit discrete low energy bonds associated with promotion of nonbonding electrons on the heteroatom {ref. 7). In addition, considerations based on the quasiequilibrium theory of mass spectrometry predict, with experimental support {ref. 4) , that the rearrangement reactions of interest here {see above) are most competitive from molecular ions of the lowest internal energy {ref. 8).
This key idea that the rearrangement chemistry of hydroxy and carbonyl compound cation radicals in mass spectrometers will parallel the behavior of free radicals in solution suggests that the geometrically dependent hydrogen abstraction reactions found for example in the free radical chemistry of alkoxy radicals and triplet carbonyl compounds will carry over to mass spectrometry. The stereoanalogaus diastereotopic hydrogen abstractions pictured in Figure 3 provide streng evidence for this idea. This rearrangement chemistry occuring in mass spectrometers and involving spatially dependent hydrogen transfer manifests itself effectively in the behavior of the cis and trans isomers of 4-tertiarybutyl and 4-isopropyl cyclohexanol {Fig. 4). As seen here only hydrogens accessible in the structurally intact molecules are available for intramolecular transfer in these model systems {ref. 10).
This phenomenon arises again in the behavior of 5-ß steroids {re f. 11) where the high stereoselectivity for water loss from 3a-alcohols has been shown {ref. 12) to arise via regiospecific abstraction of the 9a-hydrogen. Figure 6 .
[AJ- The three examples to follow have been chosen to demonstrate the utilization of spatially dependent rearrangements to elucidate diastereameric configuration by mass spectrometry.
MacLead and Wells (ref. 16 ) prepared 2-bicyclo-[4.3.1.]-decen-10-one which upon reduction with a variety of reagents yielded only a single alcohol with configuration of the hydroxyl group either syn or anti to the double band (Fig. 7) . Conversion of the alcohol A or B of unknown configuration to the dideuterosaturated derivative by homogenaus addition of deuterium to the double band and subsequent Observation of the lass of water on electron impact gave rise to no lass of HDO. The deuterium was known to add to the exo face and following from model studies showing that exo deuteriurn would form HDO with the hydroxyl group syn to the unsaturated bridge (ref. 16) these workers assigned configuration A (Fig. 7) to the material in question (Fig. 8) . In the mass spectra of various gibberic acids (ref. 17) the diastereemers show discrete fragmentation elimination which is sensibly related to structure. Figure 9 shows a typical example. While A, Fig. 9 gives rise to a simple mass spectrum with base peak at m/e 238 the diastereomer B exhibits only slight ion intensity at m/e 238.-The latter material shows increased fragmentation though to ~~~ 239. High resolution mass spectrometry confirms that while A is losing the elements of methylformate to form m/e 238, the diastereomer B is simply cleaving the carboxymethyl group to yield m/e 239. Deuterium labelling of the benzylic hydrogen on C-9 ( Fig. 9) caused-the lass of monodeuteromethyl formate to almest the exclusion of methylformate. This general result of cis-specificity for formation of [M -HC02CH3]+ from the C-9 hydrogen and the carboxymethyl group manifests itself in the related allogibberates as well and was utilized by these workers (ref. 17) to assign configuration to the molecules exhibited in Figure 10 . Fig. 10 . Assignment of configuration by mass spectrometry utilizing a spatially dependent rearrangement of a carboxyl functional group.
Mass spectrometry -a sensitive probe of mo1ecu1ar geometry A related stereoanalytical utilization of mass spectrometry arises in the case of the antibiotic material Hirsutic Acid C isolated from the hairy fungus stereuro hisutum (ref. 18) . In an attempted synthesis of this 191 material the two diastereemers of unassigned configuration shown in Figure 11 were prepared (ref. 19 ). These two synthons which were known to differ only in the configuration at the carbaxyl bearing carbon were usefully distinctive in their;mass spectra. Both diastereemers split off the elements of the chlorinated side chain in an.apparent McLafferty rearrangement. Only one material then went on to eliminate the elements of the carboxyl group plus one hydrogen. A rational scheme for this is shown in Figure 12 for the endo carboxyl compound. This diastereomer is unique in allowing access of the carboxyl grouping to the presumably allylically activated hydrogens in the enol product of the McLafferty rearrangement. This is well supported by deuteration of the methylene group adjacent to the carbonyl -the lost fragment now bore the elements DOHCO. Both the methyl and ethyl esters of the endo diastereomer showed similar behavior in the McLaf.ferty rearrangement now followed by loss of methanol and ethanol plus carbon monoxide respectively. The combination of these results allowed a firm assignment of endo-carboxylic acid to the diastereomer which eliminates the elements of formic acid after McLafferty rearrangement (ref. 19 ). This general rearrangement interaction of ester groupings and stereochemistry by mass spectrometry It has not been our purpese here to outline every stereochemically dependent mass spectral process. Any such process has the potential of stereoanalytical use as shown above for the hydrogen rearrangements. The key point is that mechanistic understanding can translate the observed into structural information. The major reviews in this area (ref. Steroidal amino alcohols functionalized in the A-ring exhibit an interesting pattern of intramolecular hydrogen bonding. This phenomenon which manifests itself in the infra-red as the appearance of a hydrogen bonded hydroxyl Stretching mode of reduced frequency compared to free hydroxyl groups shows up in the steroids pictured in Figure 13 (only the A-ring is exhibited) (ref. 23) . The CI mass spectra, produced using isobutane reagent gas, of the steroids shown in Figure 13 exhibit lass of water from the protonated molecular ions (MH+) + (MH-H20) + only when the i. r. spectrmn indicates the absence of intramolecular H-bonding to some degree. Thus in Figure 13 B and C yield substantial ions for (MH-H2o)+ while A and D do not. This pattern repeats itself for various other steroid amino alcohols studied (ref. 23 ). Thus, the CI presence of (MH-H2o)+ in these systems finds a basis in the conformational factors attendant to the hydrogen bonding in the neutral (ref. 24) . The authors (ref. 23 ) reasonably ascribed the impedence of water lass from the protonated molecular ion as arising from the intervention of cyclic hydrogen bonded structures resembling those revealed by infra-red spectrophotometry on the related neutrals (Fig. 14) . It seems that there is great potential for the study of diastereomers by CI and other intermolecular mass spectral procedures such as ion cyclotron resonancy (I.C.R.).
In the latter regard Bursey has worked out methods by acetylation in the I. C. R. to distinguish certain Stereoisomerie alcohols (ref. 25) . We may reasonably expect excellent return on investments in stereochemical work in C.I. and I.C.R. mass spectrometry, areas in which the surface is hardly scratched (ref. 26 ).
All of the work discussed up to now shares the feature of a discriminating chemical reactivity as the probe of molecular three dimensionality. Another approach with considerable apparent potential involves the energetics of ionization and fragmentation. Although there are clear drawbacks of an experimental and theoretical nature concerning the accuracy of appearance potential data there is no question that such information constitutes a sensitive structural probe (ref. 27, 28) .
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The utility of energetic measurements in mass spectrometry (ref. 29) for the elucidation of the relative configuration of diastereomers has received impetus from an approach emphasized recently in Finland (ref. 29, 30) and Israel (ref. 29, 31) . The idea is simple: if one were to study two diastereomers of differing heats of formation and measure the energy necessary to ionize and carry out a simple cleavage process which leads each diastereomer directly to a common product ion then it would follow that the difference in the appearance potentials for the two diastereomers will be in proportion to the difference in their heats of formation (ref. 29, 30) . Such a scheme is presented in Figure 15 .
Before going further with the appearance potential implications ((2), Fig. 15 ) there is an interesting kinetic consequence of this idea which has been explored by s. Meyerson and A.W. Weitkamp (ref. 32) . These workers reasoned that the further decomposition of pB+ in Fig. 15 should be faster if, as is reasonable, both diastereomers incorporated similar packets of energy in the ionization process.
In this case similar means the difference in P(E) of the two diastereomers would be small compared to the ~~H between them. Figure 16 shows some of the data they have gathered to support this idea (ref. 32) .
The data in Figure 16 are consistent with the correlation predicted from the model outlined in Figure 15 .
The ~Hf in these Stereoisomers is a reliable predictor of the relative percent of total ionization for loss of a methylgroup. This is an ideal case study in that the diastereomeric difference centers on the methyl group which is lost, thereby making it highly likely that identical ions are produced from each diastereomer. Such is precisely the situation which Jalonen and Pihlaja (ref. Figure 15 the Stereoisomers of the Sn series (trans AB ring juncture) exhibit higher appearance potentials for loss of methyl over the Sß series while the ionization potentials are unaffected by the epimeric difference. This is certainly an area worthy of much further exploration.
